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DROPLET PLATE ARCHITECTURE 



[0001] This is a continuation of US Application No. 10/244,351, which was a continuation 
of US Application No. 09/556,035, now US Patent No. 6,482,574. 

TECHNICAL FIELD 
[0002] This invention relates to the construction of a droplet plate. 

BACKGROUND 

[0003] An ink-jet printer includes one or more cartridges that contain a reservoir of ink. 
The reservoir is connected by a conduit to a printhead that is mounted to the body of the 
cartridge. 

[0004] The printhead is controlled for ejecting minute droplets of ink from the printhead to 
a printing medium, such as paper, that is advanced through the printer. The ejection of the 
droplets is controlled so that the droplets form images on the paper. 

[0005] In a typical printhead, the ink droplets are expelled through orifices that are formed 
in an orifice plate that covers most of the printhead. The orifice plate is usually 
electro formed with nickel and coated with a precious metal for corrosion resistance. 
Alternatively, the orifice plate is made from a laser-ablated polyimide material. 
[0006] The orifice plate is bonded to an ink barrier layer of the printhead. This barrier 
layer is made from photosensitive material that is laminated onto the printhead substrate, 
exposed, developed, and cured in a configuration that defines ink chambers. The chambers 
have one or more channels that connect the chambers with the reservoir of ink. Each 
chamber is continuous with one of the orifices from which the ink droplets are expelled. 
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[0007] The ink droplets are expelled from each ink chamber by a heat transducer, such as a 
thin- film resistor. The resistor is carried on the printhead substrate, which is preferably a 
conventional silicon wafer upon which has been grown an insulation layer, such as silicon 
dioxide. The resistor is covered with suitable passivation and other layers, as is known in the 
art and is described, for example, in US Patent No. 4,719,477, hereby incorporated by 
reference. 

[0008] To expel an ink droplet, the resistor is driven (heated) with a pulse of electrical 
current. The heat from the resistor is sufficient to form a vapor bubble in the surrounding ink 
chamber. The rapid expansion of the bubble instantaneously forces a droplet through the 
associated orifice. The chamber is refilled after each droplet ejection with ink that flows into 
the chamber through the channel(s) that connects with the ink reservoir. 
[0009] In the past, the orifice plate and barrier layer were mechanically aligned and 
bonded together, usually in a high-temperature and high-pressure environment. Inasmuch as 
the orifice plate and barrier layers are made of different material, the need for precisely 
aligning these two components is complicated by the differences in their coefficients of 
thermal expansion. Also, this approach to constructing a printhead limits the minimum 
thickness of the bonded components to about 25 /xm, which thus prevents the use of very 
small droplet volumes with the attendant high resolution and thermal efficiencies such use 
would permit. 

[0010] Currently, the notion of an integrally formed orifice plate and barrier layer has been 
considered. For clarity, an integrated orifice plate and barrier layer will be hereafter referred 
to as a droplet plate, which is a unitary plate defining both the ink chambers and orifices (the 
orifices hereafter referred to as nozzles). It will be appreciated that such a plate eliminates 
the problems associated with the orifice plate and barrier layer construction just mentioned. 
[001 1] Manufacture of such a droplet plate may be carried out using photolithographic 
techniques, which techniques generally offer a high degree of design latitude. It is desirable, 
however, to arrive at a simple, reliable fabrication process that has very precise dimension 
control as well as one that results in materials that are robust and inert. 



10981988-3 



3 



SUMMARY OF THE INVENTION 

[0012] The present invention concerns a process for fabricating a droplet plate and 
provides design flexibility, precise dimension control, as well as material robustness. Also 
provided is a droplet plate fabricated in accord with the process. 

[0013] Other advantages and features of the present invention will become clear upon 
study of the following portion of this specification and the drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] Fig. 1 is a perspective view of an ink-jet cartridge that carries a printhead having a 
droplet plate formed in accordance with one preferred approach to the present invention. 
[0015] Fig. 2 is an enlarged sectional diagram of a printhead substrate onto which the 
droplet plate of the present invention is formed. 

[0016] Figs. 3 - 8 are diagrams showing preferred steps undertaken in making a droplet 
plate in accord with one approach to the present invention. 

[0017] Figs. 9 - 12 are diagrams showing preferred steps undertaken in making a droplet 
plate in accord with another approach to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0018] The process generally comprises a two-stage deposition and patterning/etching 
procedure whereby the firing chambers in the droplet plate are formed first, followed by the 
nozzles. The process does not rely on etch selectivity between materials. As a result, a good 
deal of design flexibility is provided in selecting the droplet plate material. In this regard, 
robust, highly inert materials can be used as the droplet plate to provide effective resistance to 
chemical attack, such as from the ink. 

[0019] The deposition aspect of the process is preferably carried out using plasma- 
enhanced chemical vapor deposition (PECVD), which, among other things, permits the use of 
the highly inert materials (such as silicon oxide) as compared to, for instance, spin-on 
polymers and epoxies. Sputter deposition, also known as physical vapor deposition (PVD), 
may also be employed for depositing the dielectric material. 
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[0020] Although an integrated droplet plate (comprising both firing chambers and 
associated nozzles) is fabricated by the process of the present invention, the process steps are 
such that the firing chambers and nozzles may be shaped independently of one another. 
[0021] In a preferred embodiment, the droplet plate is formed directly on the printhead 
substrate, which substrate carries the heat transducers as mentioned above. A dielectric 
material layer is deposited via PECVD onto the substrate and shaped to form firing chambers. 
In one approach, this shaping is carried out by depositing the layer to a depth matching that of 
the firing chamber and then employing reactive-ion-etching to define the chamber volume. 
[0022] The chamber volume is then filled with sacrificial material, which is planarized 
before an additional amount of dielectric material is deposited to a depth desired as the 
thickness of the nozzle. The nozzle volume is then etched and the sacrificial material 
removed to complete the droplet plate fabrication. 

[0023] In another embodiment, a single deposit of dielectric material is made over 
previously placed bumps of sacrificial material. The bumps are sized to match the volume of 
the firing chambers and are placed over each heat transducer. The layer is then etched to 
define the nozzles, and the sacrificial material is then removed, yielding a droplet plate that is 
produced with a single PECVD step. 

[0024] With reference to Fig. 1, a printhead 26 having a droplet plate formed in 
accordance with the preferred embodiment of the present invention may be carried on an ink- 
jet cartridge 20. The cartridge 20 includes a plastic body 22 that comprises a liquid ink 
reservoir. As such, the cartridge 20 includes both the ink supply and printhead. It will be 
clear upon reading this description, however, that a printhead having a droplet plate 
according to the present invention may be used with any of a variety of cartridge 
configurations, including for example, cartridges having very small reservoirs that are 
connected to larger-volume remote ink supplies. 

[0025] The illustrated pen body 22 is shaped to have a downwardly extending snout 24. 
The printhead 26 is attached to the underside of the snout 24. The printhead 26 is formed 
with minute nozzles from which are ejected ink droplets onto the printing medium. 
[0026] Referring next to Fig. 8, which is an enlarged cross sectional view of a droplet plate 
30 after its final fabrication step, each printhead nozzle 32 is integrally formed with the 
droplet plate 30 and opens to a firing chamber 34 in the droplet plate. The small volume of 
ink in the firing chamber 34 is fired through the associated nozzle 32 toward print media. 
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[0027] As mentioned earlier, the droplet firing is caused by the rapid vaporization of some 
of the ink in the chamber by a heat transducer, such as a thin-film resistive layer. The resistor 
is part of the printhead substrate 38, described more below. In the present invention, the 
droplet plate 30 is formed directly on the substrate 38, thereby eliminating the need for 
separately bonding together those two parts. Fig. 8 depicts only a piece of the droplet plate 
30 that includes two nozzles 32, although a typical droplet plate 30 will have several nozzles. 
[0028] The description of the process for making the droplet plate of the present invention 
is begun with particular reference to Fig. 2, which shows the printhead substrate 38 before 
fabrication of the droplet plate 30. The substrate 38 includes a silicon base 40, which is 
preferably a conventional silicon wafer upon which has been grown an insulation layer, such 
as silicon dioxide. 

[0029] As described in the prior art, such as US Patent No. 4,719,477, a layer of resistive 
material, such as tantalum aluminum, includes portions that are individually connected by 
conductive layers to traces on a flex circuit 42 (Fig. 1) that is mounted to the exterior of the 
cartridge body 22. Those traces terminate in exposed contacts 44 that mate with like contacts 
on a printer carriage (not shown), which in turn is connected, as by a ribbon-type multi 
conductor, to the printhead drive circuitry and microprocessor of the printer. The printer 
microprocessor controls the current pulses for firing individual resistors as needed. 
[0030] The heat transducer portions of the resistive layer are part of what may be 
collectively referred to as the control layer 48 (and shown as a single layer in the figures) of 
the substrate 38, which includes passivation and other sub-layers as described, for example, 
in US Patent 4,719,477. The hatched portions 36 in the control layer 48 illustrate the location 
of the heat transducers. The heat transducers 36 are connected with the conductive layers and 
traces as mentioned above. 

[0031] Ink feed holes 50 are formed through the control layer 48 on the substrate, spaced 
from conductive and resistive portions of the control layer. The feed holes 50 provide fluid 
communication between the firing chambers 34 (Fig. 8) and associated conduits 52 that are 
etched into the underside of the substrate 38. These conduits 52 are connected to ink 
reservoir(s) so that the chambers 34 can be refilled after each droplet is fired. Although the 
conduits 52 and feed holes 50 appear in Fig. 2, it is noted that these components may be 
formed in the printhead substrate after the droplet plate fabrication is complete. 
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[0032] Fig. 3 shows a first step in the fabrication of a droplet plate directly upon the 
substrate 38. A first layer 60 of dielectric material is deposited onto the substrate 38. The 
dielectric material 60 is selected to be robust, highly inert, and resistive to chemical attack. 
Acceptable materials include silicon dioxide, silicon nitride, silicon carbide or combinations 
of these three. Other materials include amorphous silicon, silicon oxynitride, and 
diamondlike carbon (DLC). The deposition is carried out by conventional plasma-enhanced 
chemical vapor deposition (PECVD) or high-density plasma PECVD (HDP-PCVD). 
Alternatively, high-rate sputter deposition may be utilized. In any event, it will be 
appreciated that the process of the present invention advantageously uses deposition (and 
etching) techniques well understood by those of ordinary skill in the art. Process parameters, 
such as power, pressure, gas flow rates and temperature, can be readily established for a 
selected dielectric material. 

[0033] Preferably, the first layer 60 of dielectric material is deposited to thickness of 5 - 20 
/xm, which matches the thickness (or height) of the firing chamber 34 as measured vertically 
in Fig. 8 from the top of the substrate 38. 

[0034] After the deposition of the first layer 60, conventional photoimagable material 62 is 
applied to the first dielectric layer 60 and patterned to define the shape (considered in plan 
view) of the firing chambers 34 (Fig. 4). The photoimagable material may be any soft or 
hard mask such as photoresist, epoxy polyamideacrylate, photoimagable polyimide, or other 
appropriate photoimagable material. Hard mask material might include a dielectric or metal 
material that could be imaged using the above-mentioned soft masking material. 
[0035] It will be appreciated that, in addition to the firing chambers shapes, the foregoing 
step could be employed to define lateral ink feed channels that extend across the substrate to 
conduct ink to each chamber from a feed slot that is remote from the chamber. This ink 
channel configuration would be employed as an alternative to the feed holes 50 described 
above. Exemplary ink feed channels are depicted in US Patent No. 5,441,593, hereby 
incorporated by reference. The ink feed channels are processed (filled with sacrificial 
material, planarized and covered with a second deposition of dielectric material) coincident 
with the subsequent processing steps of the chambers 34, as described next. 
[0036] Fig. 4 shows the cavities that will become the firing chambers 34 of the droplet 
plate. 
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[0037] These cavities are present after the development of the patterned photoimagable 
material 62 (here, assuming positive resist) and etching of the dielectric layer 60. The 
etching step employs plasma etching or dry etching such as reactive-ion-etching (RIE). Here 
again, the selection of the etching process parameters would be well known to one of 
ordinary skill in the art. 

[0038] It is noteworthy here that the firing chambers 34 are shown in the figures as 
identically sized and generally cylindrical in shape. It will be appreciated, however, that 
other shapes may be employed. Moreover, the sizes of some chambers relative to others may 
be different. This may be desirable where, for example, a printhead capable of firing multiple 
colors of inks or multiple ink-droplet sizes is employed. For example, in some applications it 
may be desirable to have the firing chambers that are dedicated to black ink to be twice as 
large as the chambers that are dedicated to colored ink. The process described here takes 
advantage of the design flexibility inherent in the use of the photoimagable material for 
defining the shape of the ink chambers, and thus permits, for example, the differential firing 
chamber sizing just mentioned. 

[0039] After the cavities for the firing chambers 34 are defined in the first layer of 
dielectric material 60, the material is readied for the deposition of more of the same or similar 
type of dielectric material for spanning the top of the chamber 34. This second layer may be, 
for example, silicon dioxide, silicon nitride, silicon carbide, or combinations of these three. 
Other materials include amorphous silicon, silicon oxynitride, and diamondlike carbon 
(DLC). 

[0040] Before the deposition of the second layer of dielectric material, the first layer is 
processed so that the firing chambers 34 are filled with sacrificial material 66 as shown in 
Fig. 5. This sacrificial material 66 may be photoresist or spin-on-glass (SOG), or any other 
material that can be selectively removed. 

[0041] If SOG is used as the sacrificial material 66, that material is then planarized after 
curing so that its upper surface 68 matches the upper level of the first-deposited layer 60 of 
the dielectric material 60, as shown in Fig. 6. Conventional chemical mechanical polishing 
(CMP) can be used to achieve this planarization. 

[0042] In the event that a photoresist or other selectively removable material is used as the 
sacrificial material 66, a resist etch back (REB) process can be used to planarize the 
sacrificial material to limit its extent to inside the cavities of the firing chambers 34 (and to 
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the same height 68 as the firing chambers). Alternatively, a photoresist sacrificial material 
could be UV exposed and developed first in a manner such that the photoresist remains only 
in the cavities of the chambers 34. Afterward, that material could be made planar with the 
firing chamber by using either a CMP or REB process. 

[0043] In the event that a photoresist is used as the sacrificial material, a hard bake step 
may be carried out before the second deposition of dielectric material, described next. 
[0044] Once the sacrificial material 66 is planarized as described above, the second 
deposition of dielectric material 70 is made, preferably using the same or similar type of 
material (silicon dioxide, etc.) as is used in depositing the first layer 60. As shown in Fig. 7, 
this layer spans across the chambers 34 and is deposited at a thickness (for example, 5-15 
/xm) that matches the desired length (measured vertically in Fig. 7) of the nozzle 32. 
[0045] Fig. 7 shows the second layer 70 of dielectric material after deposition and after 
nozzles 32 are formed through that layer to place the nozzles in communication with the 
underlying chambers 34 (the sacrificial material is later removed as explained below). The 
process step for forming of nozzles 32 in this embodiment is substantially similar to the 
process for defining the firing chambers. Specifically, conventional photoimagable material 
(not shown) is applied to the upper surface 72 of the second dielectric layer 70 and patterned 
to define the shape (considered in plan view) of the nozzles 32. 

[0046] The patterned photoimagable material is developed (here, again, assuming positive 
resist, although negative resist can be used) and the second dielectric layer 70 is etched using 
plasma etching or dry etching. 

[0047] It will be appreciated that the shapes of the nozzles 32 can be defined quite 
independently of the shapes of the firing chambers 34. Also, as was the case with the firing 
chambers, the diameter of some nozzles 32 may be different relative to other nozzles. This 
may be desirable where, for example, a printhead capable of firing multiple colors of inks is 
employed. Moreover, the precision and resolution inherent in the use of the photoimagable 
material for defining the shape of the nozzles permits formation of extremely small nozzles 
(as well as firing chambers) to obtain high-resolution printing and the thermal efficiencies 
that are available when heating relatively smaller volumes of ink. 

[0048] As another advantage to having nozzle configurations formed independently of the 
chambers, it is contemplated that an asymmetrical nozzle/chamber relationship is possible 
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(which may improve the overall hydraulic performance of the printhead). In the past, nozzles 
were most often formed to be centered over the chambers. 

[0049] After the nozzles 32 are formed, the sacrificial material is removed. To this end, a 
plasma oxygen dry etch or a wet acid etch or solvent may be employed. The resulting droplet 
plate 30 (that is, with sacrificial material 66 removed) is depicted in Fig. 8. 
[0050] Figs. 9 - 12 are diagrams showing preferred steps undertaken in making a droplet 
plate 130 in accord with another approach to the present invention. This embodiment of the 
invention provides a droplet plate that can be formed on a substrate 38, as was the earlier 
described embodiment of the droplet plate 30. Consequently, a description of the particulars 
of the printhead substrate 38 will not be repeated here. 

[0051] In the process illustrated in Figs. 9-12, each heat transducer 36 and adjacent feed 
hole 50 are covered (Fig. 9) with a bump of sacrificial material 166 that is sized to correspond 
to the interior of the firing chamber 134 (Fig. 12). The bumps 166 may be provided by the 
application of a spin-on photoresist material that is later exposed and developed to remove 
the material between the resistors. 

[0052] The initial configuration of the bumps, at this stage, will be generally cylindrical. 
As shown at dashed lines 167 in Fig. 9. In order to make the bumps 166 stable and able to 
withstand the high temperatures required in the later steps of this process, the bumps are 
baked for at least one minute at a temperate of about 200°C. As a consequence of the baking, 
the bumps 166 flow somewhat to take on the rounded shape depicted in Fig. 9. It will be 
appreciated, therefore, that one can select the amount of sacrificial bump material, as well as 
its thermal deformation characteristics such that a preferred firing chamber shape 
(somewhere between the original cylindrical shape and a uniform-radius curved shape) may 
be produced upon baking the bump material. 

[0053] Deposition of high quality dielectrics at low temperatures is possible using high 
density plasma PCVD (HDP-PECVD) with wafer backside cooling. If HDP-PECVD is used 
in the following step to deposit the layer of dielectric material 160, it will be appreciated that 
the lower temperatures associated with the deposition step will permit a correspondingly 
lower temperature (for example 140° C) for baking the bump material, assuming acceptable 
bump sidewall configurations can be achieved at such a temperature. 

[0054] As shown in Fig. 10, a single layer of dielectric material 160 is next deposited onto 
the substrate 38 to cover the bumps 166. The dielectric material 160 is deposited using a 
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PECVD or sputter deposition process, and the material selected is robust, highly inert, and 
resistive to chemical attack as was the dielectric material 60 described above. This layer 160 
is deposited onto the substrate 38 over the bumps as well as in the regions between the 
individual bumps 166, thereby to physically separate one bump (hence, one firing chamber 
134 and associated feed holes) from another. 

[0055] This single-deposit layer 160 of dielectric material, in covering each bump, thus 
simultaneously provides the walls of the firing chambers 134 as well as the overall thickness 
of what, in prior art embodiments, would have been referred to as the orifice plate. 
[0056] The nozzles 132 are then plasma or dry etched through this layer 160 (Fig. 11) and 
the sacrificial material 166 is removed as respectively described in connection with the steps 
of forming of the nozzles 32 and removing sacrificial material 66 in the earlier embodiment. 
As before, the shape of the nozzle 132 is formed independently of the shape of the firing 
chamber 134. It will be appreciated that, prior to removal of sacrificial material, the process 
step depicted in Fig. 1 1 is analogous to the step illustrated in Fig. 7 in that that there is a layer 
of dielectric material forming droplet plate firing chamber that is filled with sacrificial 
material. 

[0057] While the present invention has been described in terms of preferred embodiments, 
it will be appreciated by one of ordinary skill that the spirit and scope of the invention is not 
limited to those embodiments, but extend to the various modifications and equivalents as 
defined in the appended claims. 

[0058] Thus, having here described preferred embodiments of the present invention, the 
spirit and scope of the invention is not limited to those embodiments, but extend to the 
various modifications and equivalents of the invention defined in the appended claims. 



